Identification of chondroitin sulfate glucuronyltransferase as chondroitin synthase-3 involved in chondroitin polymerization: chondroitin polymerization is achieved by multiple enzyme complexes consisting of chondroitin synthase family members.
Recently, we demonstrated that chondroitin polymerization is achieved by any two combinations of human chondroitin synthase-1 (ChSy-1), ChSy-2 (chondroitin sulfate synthase 3, CSS3), and chondroitin-polymerizing factor (ChPF). Although an additional ChSy family member, called chondroitin sulfate glucuronyltransferase (CSGlcA-T), has been identified, its involvement in chondroitin polymerization remains unclear because it possesses only glucuronyltransferase II activity responsible for the elongation of chondroitin sulfate (CS) chains. Herein, we report that CSGlcA-T exhibits polymerization activity on alpha-thrombomodulin bearing the truncated linkage region tetrasaccharide through its interaction with ChSy-1, ChSy-2 (CSS3), or ChPF, and the chain length of chondroitin formed by the co-expressed proteins in various combinations is different. In addition, ChSy family members co-expressed in various combinations exhibited distinct but overlapping acceptor substrate specificities toward the two synthetic acceptor substrates, GlcUAbeta1-3Galbeta1-O-naphthalenemethanol and GlcUAbeta1-3Galbeta1-O-C(2)H(4)NH-benzyloxycarbonyl, both of which share the disaccharide sequence with the glycosaminoglycan-protein linkage region tetrasaccharide. Moreover, overexpression of CSGlcA-T increased the amount of CS in HeLa cells, whereas the RNA interference of CSGlcA-T resulted in a reduction of the amount of CS in the cells. Furthermore, the analysis using the CSGlcA-T mutant that lacks any glycosyltransferase activity but interacts with other ChSy family members showed that the glycosyltransferase activity of CSGlcA-T plays an important role in chondroitin polymerization. Overall, these results suggest that chondroitin polymerization is achieved by multiple combinations of ChSy-1, ChSy-2, CSGlcA-T, and ChPF and that each combination may play a unique role in the biosynthesis of CS. Based on these results, we renamed CSGlcA-T chondroitin synthase-3 (ChSy-3).